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(54) SOUND IMAGE LOCALIZATION APPARATUS 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a sound image localization apparatus 
capable of selecting and adjusting the effect in response to the arrangement of a 
musical instrument or the space for listening. 

SOLUTION: The sound image localization apparatus comprises an input means 
for inputting musical sound signals, a plurality of first filter means for performing 
a convolution operation of the musical sound signals and outputting them on the 
basis of musical sound transfer characteristics in plurality of directions to both 
ears, and a second filter means for compensating the frequency characteristics 
of the musical sound signals output from the first filter means. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Image stereotaxic instrument which has an input means to input a 
musical-sound signal, two or more 1st filter means to collapse, calculate and 
output said musical-sound signal by the musical-sound transfer characteristics 
from two or more directions to both lugs, and the 2nd filter means that amends 
the frequency characteristics of the musical-sound signal which said 1st filter 
means outputs. 

[Claim 2] Furthermore, image stereotaxic instrument according to claim 1 which 
has an early reflected sound addition means to add an early reflected sound to 
said musical-sound signal, and the 3rd filter means for attenuating said early 
reflected sound. 

[Claim 3] Furthermore, image stereotaxic instrument according to claim 1 or 2 
which has a reverberation sound addition means to add a reverberation sound to 
said musical-sound signal. 

[Claim 4] The image normal approach of having the input process which inputs a 
musical-sound signal, two or more 1st filter processes which collapse, calculate 
and output said musical-sound signal by the musical-sound transfer 
characteristics from two or more directions to both lugs, and the 2nd filter 



process which amends the frequency characteristics of the musical-sound signal 
which said 1st filter means outputs. 

[Claim 5] The medium which recorded the program for making a computer 
perform the image normal procedure have the input procedure which inputs a 
musical-sound signal, two or more 1st filter procedures which collapse, calculate 
and output said musical-sound signal by the musical-sound transfer 
characteristics from two or more directions to both lugs, and the 2nd filter 
procedure which amends the frequency characteristics of the musical-sound 
signal which said 1st filter means outputs. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the image stereotaxic instrument 
which orientates to a position the image of the musical sound which electrohone 
and audio equipment output. 
[0002] 

[Description of the Prior Art] Since electrohone and audio equipment increase 



the presence of the musical sound to output, they are controlling sound volume, 

output timing, etc. of a loudspeaker of plurality (right and left) so that a listener 

can imagine, as pronounced from the point that space has musical sound. "A 

certain point" of this space is called virtual pronunciation location, and the 

imagination space field (location location of an imagination musical instrument) 

imagined as musical sound is pronounced is called image. 

[0003] He is trying for stereo headphone common now to orientate the image of 

the musical sound by supplying musical sound with the sound volume of the 

balance beforehand decided to be a right-and-left loudspeaker. 

[0004] Since a listener's head is equipped with headphone, when a listener 

moves the head, the loudspeaker of headphone will also follow and move to this, 

and an image will also move only by the above-mentioned control together. 

Since it corresponds to this, the headphone system from which the location of an 

image does not change even if it moves the head is proposed by detecting that 

the listener moved the head and controlling the musical-sound property 

outputted to a right-and-left loudspeaker (JP,4-44500,A etc.). 

[0005] Moreover, the image stereotaxic instrument using an FIR filter is also 

proposed (JP, 10-23600, A). 

[0006] 

[Problem(s) to be Solved by the Invention] In the above-mentioned headphone 



system, the filter for the object for left ears and right ears was prepared, 
respectively, and since control of reading the parameter of the response 
characteristic corresponding to the sense according to the sense of headphone, 
and setting it as the above-mentioned filter was performed, the parameter 
corresponding to many virtual pronunciation locations needed to be memorized 
in parameter memory. For this reason, if it did not have big parameter memory, 
whenever it could not orientate an image to accuracy and the listener moved the 
head, there was a fault that read-out of a parameter had to be done again. 
[0007] Moreover, in the above-mentioned image stereotaxic instrument, it was 
difficult to acquire the optimal normal for an unspecified listening person, and the 
difference of the effectiveness by the class and property of headphone was large. 
Furthermore, image normal and reverberation were systematically 
uncontrollable. 

[0008] This invention aims at offering musical instrument arrangement and the 
image stereotaxic instrument which can carry out selection adjustment of the 
effectiveness according to listening space. 

[0009] Furthermore, this invention aims at offering a listening person and the 
image stereotaxic instrument which can adjust a feeling of normal for every class 
of headphone. 
[0010] 



[Means for Solving the Problem] According to one viewpoint of this invention, the 
image stereotaxic instrument has an input means to input a musical-sound 
signal, two or more 1st filter means to collapse, calculate and output said 
musical-sound signal by the musical-sound transfer characteristics from two or 
more directions to both lugs, and the 2nd filter means that amends the frequency 
characteristics of the musical-sound signal which said 1st filter means outputs. 
[0011] 

[Embodiment of the Invention] Drawing 1 is drawing showing the headphone 
structure of a system which is the 1st example of this invention. This headphone 
system supplies the musical-sound signal which the electrohone 1 which is a 
sound source generated to the headphone 3 of a stereo through the image 
normal section 2. The bearing sensor 4 is formed in the crowning of headphone 
3, and it can detect which direction the listener who wears headphone 3, i.e., 
these headphone, by this bearing sensor 4 has turned to. The content of 
detection of this bearing sensor 4 is inputted into the multiplier generating 
section 5. Moreover, an input device 6 and setup keys 7, such as a joy stick, are 
connected to this multiplier generating section 5. An input unit 6 is used in order 
to specify the virtual pronunciation location of the musical sound which 
electrohone 1 generates. This virtual pronunciation location does not receive the 
headphone 3 which are worn on a listener and move, and is set up as a relative 



absolute location in that space. Moreover, a setup key 7 is a carbon button for 
setting up the bearing (include angle which makes north 0 times), when a 
transverse plane is turned to to the virtual wall surface 8 which the listener 
putting on headphone 3 mentions later. In addition, corresponding to these 
handlers, transverse-plane bearing register 5a and virtual pronunciation location 
register 5b are set to the multiplier generating section 5. 

[0012] Drawing 2 is drawing explaining the image normal method of the 
headphone system of the 1st example. Drawing 3 is drawing showing the 
configuration of said image normal section 2 by the 1st example. In drawing 3 , 
the image normal section 2 equips juxtaposition with the FIR filter 15 (15L, 15R) 
of eight channels. 

[0013] These eight channels Ch1-Ch8 correspond in the direction of ** of 
drawing 2 (A) - **, respectively. That is, the FIR filters 15L and 15R of CM are 
FIR filters which collapse and calculate a musical-sound signal by the transfer 
characteristics (head sound transfer function: HRTF) of the musical sound from 
the direction (location) of ** of drawing 2 (A) to a left ear and a right ear, 
respectively. 

[0014] Similarly, it is the FIR filter with which the FIR filter of Ch2-Ch8 also 
collapses and calculates a musical-sound signal by the musical-sound transfer 
characteristics from the direction of ** of drawing 2 (A) - ** to right-and-left both 



lugs. Thus, ** of drawing 2 (A) - ** will also change the sense of this ** - ** 
according to it, if the direction over a listener's transverse plane 3, i.e., 
headphone, is shown and a listener changes the sense of the head. 
[0015] On the other hand, said input unit 6 is a handler for setting up the virtual 
pronunciation location of the musical sound which electrohone 1 generates as 
mentioned above. A virtual pronunciation location is expressed with x and the 
y-coordinate to which it orientates to one on the virtual wall surface 8 which is in 
the distance of zO from headphone 3, and the coordinate on this flat surface 8 
makes the intersection of the perpendicular from headphone 3 a zero at drawing 
2(B). 

[0016] If said input unit 6 is operated to the right sense, the x-coordinate of said 
virtual pronunciation location will increase, and if it is operated to the left sense, 
the x-coordinate of said virtual pronunciation location will decrease. Moreover, if 
an input unit 6 is operated upward, the y-coordinate of said virtual pronunciation 
location will increase, and if it is operated downward, the y-coordinate of said 
virtual pronunciation location will decrease. 

[0017] In drawing 2 (A), the virtual pronunciation location of musical sound is set 
as the point 9 on the imagination wall surface 8, and supposing headphone 3 are 
the sense of a graphic display, the direction of a virtual pronunciation location will 
serve as an include angle of alphal, alpha2, alphas, and alpha6 to **, **, **, and 



** among direction [ of said bases ] ** - **. Therefore, gain of the gain multipliers 
12 and 13 of Ch1, Ch2, Ch5, and Ch6 of drawing 3 which is alike, respectively 
and mainly incorporates a direct sound (precedence sound) corresponding to 
these include angles alphal, alpha2, alpha5, and alpha6 is given. A point 9 can 
be made to orientate an image in headphone 3 by giving gain which mainly 
incorporates the early reflected sound (backward sound) from a wall surface etc. 
corresponding to the above-mentioned include angle to other channels. 
[0018] It will continue orientating in the virtual pronunciation location 9 which is 
an absolute location [ image / of musical sound ] in space always since the gain 
corresponding to [ although the include angle of a point 9 and headphone 3 will 
also change if the sense of headphone 3 changes, an include angle with the 
direction of bases is newly computed at this time, and ] this is deduced, even if a 
headphone wearing person turns to which direction. 

[0019] In addition, in drawing 2 (A), when an input unit 6 is operated and the 
virtual pronunciation location 9 is moved, according to this, the new include 
angles alphal, alpha2, alphas, and alpha6 are computed, and normal moves. 
[0020] Although this explanation explained only the case where a virtual 
pronunciation location was near the transverse plane of headphone 3 The gain 
which computes the include angles alphal, alpha4, alphas, and alpha8 to Ch1, 
Ch4, Ch5, and Ch8, and corresponds when a virtual pronunciation location is 



located on the left-hand side of headphone 3 is deduced. When a virtual 
pronunciation location is located on the right-hand side of headphone 3, the gain 
which computes the include angles alpha2, alpha3, alpha6, and alpha7 to Ch2, 
Ch3, Ch6, and Ch7, and corresponds is deduced. 

[0021] Moreover, the gain which computes the include angles alpha3, alpha4, 
alpha7, and alpha8 to Ch3, Ch4, Ch7, and Ch8, and corresponds when a virtual 
pronunciation location is in the backside [ headphone 3 ] is deduced. The gain 
which computes the include angles alphas, alpha6, alpha7, and alpha8 to Ch5, 
Ch6, Ch7, and Ch8, and corresponds when a virtual pronunciation location is in 
a headphone 3 upside is deduced. When a virtual pronunciation location is in the 
headphone 3 bottom, the gain which computes the include angles alphal, 
alpha2, alpha3, and alpha4 to Ch1, Ch2, Ch3, and Ch4, and corresponds is 
deduced. 

[0022] In addition, although setting out of the virtual pronunciation location 9 only 
on the virtual wall surface 8 is enabled with this operation gestalt, you may 
enable it to set it as the point of the arbitration in space. In this case, it enables it 
to set up the coordinate of a three dimension for an input unit 6. 
[0023] Moreover, the input device 6 of the virtual pronunciation location 9 may 
enable it to set a virtual pronunciation location as a graphic within the image of 
the wall surface which is not limited to a joy stick, and can use the handler which 



carries out the direct input of the coordinate values, such as a ten key besides 
the handler which fluctuates a coordinate value similar to a joy stick relatively, a 
rotary encoder, a slider, etc., and is displayed on a monitor, or space. Moreover, 
you may enable it to set similarly as a graphic the configuration switch 7 which 
sets the direction which goes to the virtual wall surface 8. 

[0024] The configuration of the image normal section 2 is explained with 
reference to drawing 3 . The image normal section 2 has A/D converter 10, a 
delay line 11, a band pass filter (BPF) 40, the gain multiplier 12, the gain 
multiplier 13, an adder 14, the FIR filter 15, the MR filter 41, an adder 16, D/A 
converter 17, and amplifier 18. 

[0025] The musical-sound signal inputted from electrohone 1 is changed into a 
digital signal by A/D converter 10. Electrohone 1 is a digital musical instrument, 
and as long as it outputs musical sound with a digital signal, this A/D converter 
10 is skipped and you may make it input a signal into the direct delay line 11. 
[0026] The delay line 1 1 consists of multistage shift registers, and carries out the 
sequential shift of the inputted digital musical-sound signal. Two taps are 
prepared in the location (register) of the arbitration of this delay line 11, and the 
signal (a precedence sound, backward sound) by which delay was carried out is 
taken out from these two taps (a precedence sound tap, backward sound tap). 
[0027] A tap location is determined by the tap location multiplier inputted from 



the multiplier generating section 5. The signal taken out from the tap near the 
input edge of a delay line 1 1 between two taps is called precedence sound, and 
the signal taken out from a tap far from an input edge is called backward sound. 
The precedence sound is equivalent to the direct sound, and the backward 
sound is equivalent to the early reflected sound. 

[0028] A precedence sound is inputted into the gain multiplier 12 of Ch1-Ch8, 
and after a backward sound is inputted into BPF40, it is inputted into the gain 
multiplier 13 of Ch1-Ch8. The sense of distance of an image and a feeling of 
order can be taken out by setting up suitably the gain of two taps of a delay line 
1 1 , and the gain multipliers 1 2 and 1 3. 

[0029] To the backward sound which is an early reflected sound, since 
attenuation by echo is imitated, BPF40 is formed. 

[0030] For example, if spacing of a tap is shortened and a gap of a precedence 
sound and a backward sound is made small, a sense of distance becomes small, 
an image can be orientated to near, if a gap of a precedence sound and a 
backward sound is enlarged at reverse, a sense of distance becomes large and 
an image can be orientated in the distance. However, it is made for a gap of a 
precedence sound and a backward sound not to exceed 20ms. It is because it 
will be recognized by the listener as another sound if a gap exceeds 20ms. 
[0031] Moreover, if the level difference (difference of the gain of the gain 



multiplier 12 and the gain of the gain multiplier 13) of a precedence sound and a 
backward sound is enlarged, it will become easy to orientate an image ahead, 
and if the level difference of a precedence sound and a backward sound is made 
small, it will become easy to orientate an image back. 

[0032] The gain of the gain multipliers 12 and 13 of Ch1-Ch8 is inputted from the 
multiplier generating section 5. The precedence sound signal and backward 
sound signal with which the multiplication of this gain was carried out are added 
by the adder 14, and are inputted into the FIR filter 15. One musical-sound signal 
is delayed and two signals, a precedence sound signal and a backward sound 
signal, are taken out for the same musical-sound signal being shifted and heard 
by minute time difference, and taking out between a sense of distance or order 
according to the level difference. 

[0033] As for the FIR filter 15, two lines, filter 15for left ears L and filter 15R for 
right ears, are prepared in juxtaposition. FIR filter 1 5L of Ch1 simulates sound in 
case a left ear hears musical sound from the direction of ** of drawing 2 (A) with 
a head sound transfer function, and FIR filter 15R of Ch1 simulates sound in 
case a right ear hears musical sound from the direction of ** of drawing 2 (A) 
with a head sound transfer function. FIR filter 15L of Ch2-Ch8 and FIR filter 15R 
simulate transfer of the musical sound from the direction of ** - ** to right-and-left 
both lugs with a head sound transfer function similarly, respectively. 



[0034] And when the direction of a virtual pronunciation location is the middle 
direction of direction of these bases ** - **, as shown in drawing 2 (A), the 
multiplier generating section 5 computes four directions which surround the 
direction of the virtual pronunciation location among the directions of ** - **, and 
the include angle to make, and gives the multiplier which determines the tap of 
the gain corresponding to the include angle, and a delay line 11 to the gain 
multipliers 12 and 13 and the delay line 11 of each channel, in addition, the 
logarithm of the gain given to the gain multipliers 12 and 13 of all above when 
not changing sound volume, even if the image normal location in hieadphone 3 
changes - although total value [-like ] is 1 , special effectiveness may be taken 
out by changing the sum total of gain with an image normal location. 
[0035] Addition composition of the signal outputted from FIR filter 15L of each 
channel is carried out by adder 16L. Moreover, . addition composition of the signal 
outputted from FIR filter 15R of each channel is carried out by adder 16R. These 
digital musical-sound signal by which addition composition was carried out is 
inputted into MR filter 41 L and ML filter 41 R, respectively. 

[0036] The MR filter 41 is a filter for amending the property of the digital 
musical-sound signal by which addition composition was carried out. Although 
the FIR filter prepared in the preceding paragraph has dramatically short 
response length, and it is in the inclination for a low-pass property to especially 



differ from a desired thing since frequency resolution is coarse, the IIR filter 41 
can amend the frequency characteristics. 

[0037] Moreover, although there is individual difference in HRTF, each listener's 
taste and the difference (especially the vertical direction about a law admiration) 
in a normal property can be amended by using the IIR filter 41 . - 
[0038] Drawing 12 is drawing showing change of the frequency characteristics at 
the time of using the IIR filter 41. When it lets the digital musical-sound signal 
which is shown by the drawing middle point line and by which addition 
composition was carried out pass in the IIR filter 41, as the arrow head of the 
drawing Nakagami sense shows it, while boosting the musical-sound signal of a 
high region and a low-pass frequency band, as a downward arrow head shows, 
dipping of the 8kHz part can be carried out. By making the musical-sound signal 
of a high region and a low-pass frequency band into a booth, taste doubling to 
frequency-characteristics compensation and each listener of headphone can be 
carried out. Moreover, by carrying out dipping of the 8kHz part, a normal 
property (especially the vertical direction about a law admiration) can be 
adjusted. Since dipping of a 8kHz cycle reduces the noise component based on 
people's head structure, it can improve a normal property. 
[0039] In the example of drawing 12 , although the high region and low-pass 
frequency was boosted, the IIR filter 41 can also cut them into reverse. Moreover, 



the frequency which carries out dipping is tuning not only 8kHz but this finely, 
and can amend the individual difference of HRTF. 

[0040] The musical-sound signal amended with the IIR filter 41 is changed into 
an analog signal by D/A converter 17, and after being amplified with amplifier 18, 
it is outputted to headphone 3. 

[0041] Drawing 4 is the external view of said headphone 3. Drawing 5 is the 
block diagram of the bearing sensor 4 attached in the crowning of headphone 3. 
The small loudspeaker is built in the addressing section to a lug of both 
headphone 3, and the analog musical-sound signal of the right and left outputted 
from said amplifier 18, respectively is inputted. And the bearing sensor 4 is 
formed in the crowning of an arch. The bearing sensor 4 is contained by the case 
28 of a cylindrical shape, and as shown in drawing 5 (B), it consists of a 
-compass 20 and photosensors 25, 26, and 27. 

[0042] As shown in drawing 5 (A), a compass 20 contains the spherical magnet 
object 21 in the spherical transparence acrylic case 22, and fills up the clearance 
between this spherical magnet object 21 and the internal surface of the 
transparence acrylic case 22 with a liquid 23. This liquid 23 is transparent and 
colorless. 

[0043] While it always maintains up Shimonoseki charge to gravity within a liquid 
23, in order to point out north-south bearing, the spherical magnet object 21 



contains tabular magnet 21a in the center section, and it has space 21c in the 
upper part, and it has weight 21b in the lower part. 

[0044] However it may incline even if it becomes which sense, these compass 
20 3, i.e., headphone, as shown in drawing 6 , a specific part will surely point out 
north with earth magnetism, and this spherical magnet object 21a will carry out a 
revolution splash within the transparence acrylic case 20 so that weight 21b may 
turn to the gravity direction. 

[0045] In addition, it is spherical magnet floating [ 21 ] with the liquid 23 within the 
transparence acrylic case 22, and a revolution splash can be carried out within 
the transparence acrylic case 22 without friction. 

[0046] As shown in drawing 7 , it is painted on the front face of the spherical 
magnet object 21 with the gradation of blue and red. As shown in this drawing 
(A) and (B), it is painted to blue gradation in the shape of circles of longitude so 
that the concentration may express bearing, and he is trying for blue 
concentration to become thin as it rotates with north -> east -> south -> west -> 
north. 

[0047] That is, blue concentration (thinness) will express an azimuth (include 
angle of the clockwise rotation which makes north 0 times). As are shown in this 
drawing (C) and (D), and the concentration shows a tilt angle, it is painted to red 
gradation in the shape of a circle, and a part with high red concentration appears, 



so that the transparence acrylic case 20 inclines downward. 

[0048] Actually, this red gradation and blue gradation are made into the same 

spherical surface, and both colors are mixed. 

[0049] As shown in drawing 5 (B), photosensors 25-27 are formed towards the 
side face of this compass 20. Photosensor 25 is a sensor which detects blue 
concentration, and photosensors 26 and 27 are sensors which detect red 
concentration. Photosensor 25 is turned to the side face of a compass 20 from 
the before [ headphone 3 ] side, photosensor 26 is turned to the side face of a 
compass 20 from the right-hand side of headphone 3, and photosensor 27 is 
turned to the side face of a compass 20 from the backside [ headphone 3 ]. 
[0050] Drawing 8 shows the configuration of each photosensors 25, 26, and 27. 
LED30 and a photodiode 32 are formed towards a compass 20, and the light 
filter which passes only a predetermined color is prepared in the front face of 
these LED30 and a photodiode 32. By the cell 31 , continuation burning is carried 
out and LED30 is irradiating the front face of the spherical magnet object 21 of a 
compass 20. Moreover, when a photodiode 32 receives the reflected light of 
spherical magnet object 21 front face of light which the above LED 30 irradiated, 
resistance changes. 

[0051] This photodiode 32 is connected to amplifier 33. Amplifier 33 amplifies the 
detection value of a photodiode 32, and inputs it into LPF34. LPF34 removes a 



minute oscillating component among detection values, extracts only a motion of 
the head as actuation, and outputs it to the multiplier generating section 5. 
[0052] When photosensor 25 detects the blue concentration of the spherical 
magnet object 21 of a compass 20 from a before side, based on the 
concentration detection value and the relation of an azimuth which are shown in 
drawing 9 (A), it is detectable which bearing these headphone 3 have turned to. 
[0053] Moreover, photosensor 26 can detect how much headphone 3 lean to the 
right by detecting the red of the spherical magnet object 21 from a right lateral 
based on the relation of the concentration detection value and tilt angle 
(elevation angle) which are shown in drawing 9 (B). 

[0054] Furthermore, photosensor 27 can detect whether headphone 3 have 
turned to the how much top by detecting the red of the spherical magnet object 
21 from the backside based on the concentration detection value and the 
relation of an elevation angle which are shown in drawing 9 (B). 
[0055] By inputting these contents of detection into the multiplier generating 
section 5, the multiplier generating section 5 can calculate in which direction and 
distance the virtual pronunciation location set up with the input unit 6 is, in view 
of headphone 3, computes the gain of the tap location of the delay line 1 1 for 
realizing this direction and distance in signal processing, and the gain multipliers 
12 and 13 of Ch1-Ch8, and outputs it to the image normal section 2. 



[0056] In addition, compared with other sensors, for example, gyroscope sensor 
etc., etc., there are the following advantages by having used the earth 
magnetism sensor as a bearing sensor in this way. Since neither gap nor an 
error arises even if it leans and turns a neck, the image normal stabilized even if 
used for the headphone of the electric piano which moves and performs the 
upper part of the body is realizable. Since earth magnetism is always stable, if a 
calibration (setting out of physical relationship) with the equipment used as 
sound sources, such as electrohone and an AV equipment, is taken once, it is 
not necessary to restart henceforth the time of the beginning of using, and in the 
middle of an activity, and it will become unnecessary to take a calibration until it 
moves equipment henceforth. Moreover, compared with other bearing sensors, 
such as a gyroscope, it is cheap. 

[0057] In addition, the responsibility over mind can be adjusted by adjusting the 
viscosity of the liquid which has floated the bearing magnet. Moreover, a cable or 
wireless may be used for transmission in the multiplier generating section 5 of 
this content of detection. Although it uses a cell as a power source in carrying out 
on radio, a rechargeable battery is sufficient as the cell. For example, a charge 
function is prepared in the holder which hangs headphone, and while having put 
on the holder, you may make it charge. Moreover, when carrying out with a cable, 
transmission and reception of a signal and a power source can be carried out 



through the audio cable of headphone. 

[0058] Drawing 10 and drawing 11 are flow charts which show actuation of the 
above-mentioned multiplier generating section 5. In drawing 10 , a start of 
actuation of this equipment initializes various registers first. Data of 0 times are 
inputted into transverse-plane bearing register 5a. That is, it is supposed that it is 
north suitable of the transverse plane (virtual wall surface 8) of headphone 3. 
And 0 and 0 are set to virtual pronunciation location register 5b as x and a 
y-coordinate. That is, it is set up as a virtual pronunciation location is located at 
the front of headphone 3. It stands by until there is ON (s2) of the after [ this ] 
setup key 7 or actuation (s3) of an input unit 6. If a setup key 7 is turned on (s2), 
bearing (detection value of photosensor 25) of the bearing sensor 4 at that time 
will be read (s4), and the bearing will be memorized to transverse-plane bearing 
register 5a (s5). On the other hand, actuation of an input device 6 rewrites x of 
virtual pronunciation location register 5b, and a y-coordinate according to the 
actuation (s6). That is, if the value of an x-coordinate will be fluctuated according 
to the actuation if an input unit 6 is operated by right and left, and an input unit 6 
is operated up and down, the value of a y-coordinate will be fluctuated according 
to the actuation. 

[0059] Drawing 11 is timer interrupt actuation. This actuation is normal position 
control actuation performed to dozens mses by 1 time of frequency. First, the 



detection value of three photosensors 25, 26, and 27 built in the bearing sensor 
4 is read (s11). And based on this detection value, the sense (bearing) and 
inclination of headphone 3 are detected (s12, s13). zO of this data, 
transverse-plane bearing data, and a virtual source And based on x and a 
y-coordinate, the direction and distance over a virtual pronunciation location are 
computed (s14). The tap location of the gain given to each channel based on this 
direction and distance and a delay line 11 is determined (s15), and these are 
sent out to the image normal section 2 (s16). 

[0060] In addition, you may make it compute dividing, such as gain and a tap 
location, using predetermined operation expression based on the computed 
direction and distance, it memorizes the multiplier corresponding to various 
direction and distance as a table, and you may make it read the suitable thing in 
it. Since the amount of data is very small compared with the table which 
memorized the transfer-characteristics parameter of the FIR filter corresponding 
to two or more distance and directions, even if this multiplier table is such, there 
is little memory space and it ends. 

[0061] Next, the 2nd example of this invention is explained. Although headphone 
with a sensor were used and the virtual image location was set as eight places in 
the 1st above-mentioned example, it is difficult to constitute a cheap system from 
such a configuration. So, the 2nd example explains the case where a virtual 



image location (virtual loudspeaker location) is set as four places, using the 
usual headphone. A listener assumes the case that the sense and the sense of 
headphone are almost fixed for a transverse plane. 

[0062] Drawing 13 is a conceptual diagram showing the virtual loudspeaker 
location and the sound-source location VP in the image stereotaxic instrument of 
the 2nd example. In this example, SP4 is stationed from the virtual loudspeaker 
SP 1 to four places of the method of the left forward right, and the method of the 
left right rear. The direction of the sound-source location VP is determined from 
the virtual loudspeaker SP 1 of the perimeter of a head by level weighting 
between SPs4, as shown in drawing. Moreover, a fundamental tone and the 
sound delayed for number -about tenms are generated from point symmetry 
location VP 1 to the sound-source location VP and a listener location, and a 
feeling of normal is emphasized. Attenuation by echo is simulated by the sound 
from this point symmetry location VP' assuming the reflected sound from a wall 
surface, and minding the below-mentioned BPF. 

[0063] The distance of the sound-source location VP is controlled by magnitude 
of the level difference of a direct sound (x), an early reflected sound (y), and a 
reverberation sound (z), and the delay of the time of arrival. For example, if 
control of a level difference is controlled by the gain factor of the DSP parameter 
supplied to the below-mentioned multiplication section, and sets the gain factor 



for early reflected sounds to a and the gain factor for reverberation sounds is set 
to b When setting the distance of the sound-source location VP as near When 
controlling so that the level of a direct sound becomes larger than the sum of the 
level of an early reflected sound and a reverberation sound, and the relation of 
x>ay+bz is realized, and setting up the distance of the sound-source location VP 
in the distance It controls so that the level of a direct sound may become smaller 
than the sum of the level of an early reflected sound and a reverberation sound 
and the relation of x<ay+bz is realized. 

[0064] Drawing 14 is a block diagram showing the basic configuration of the 
image stereotaxic instrument by the 2nd example. 

[0065] A detector 52, a display circuit 53, RAM 54, ROM55 and CPU56, external 
storage 57, the communication link interface 58, the sound-source circuit 59, and 
a timer 60 are connected to a bus 51 . 

[0066] A user can make an input, selection, etc. of the below-mentioned physical 
parameter and presetting using the handler (input means) 62 connected to a 
detector 52. If a handler 62 can output the signal according to a user's inputs, 
such as a rotary encoder, a slider, a mouse, a keyboard, a keyboard, a joy stick, 
and a switch, what kind of thing is sufficient as it. Moreover, two or more input 
means may be connected. 

[0067] It connects with a display 63 and a display circuit 53 can display various 



information, such as the below-mentioned physical parameter and a presetting 
number, on a display 63. Although it consists of a liquid crystal display (LCD), 
light emitting diode (LED), etc., as long as a display 63 can display various 
information, what kind of thing may be used for it. 

[0068] External storage 57 is connected to a bus 51 through the interface 
including the interface for external storage. External storage 57 is for example, 
semiconductor memory, such as a flash memory, a floppy disk drive (FDD), a 
hard disk drive (HDD) and a magneto-optic-disk (MO) drive, a CD-ROM 
(compact disk-read only memory) drive, a DVD (Digital Versatile Disc) drive, etc. 
The presetting which a user sets up can be saved at external storage 57. 
[0069] RAM54 has the working area for CPU56 which memorizes a flag, a 
register or a buffer, various data, etc. 

[0070] To ROM55, presetting data, a function table, various parameters, a 
control program, etc. are memorizable. In this case, there is no need of 
memorizing a program etc. to external storage 57 in piles. CPU56 performs 
operation or control according to ROM55 or the control program memorized by 
external storage 57. 

[0071] It connects with the CPU56 ** bus 51, and a timer 60 directs a basic clock 
signal, interruption processing timing, etc. to CPU56. 

[0072] The sound-source circuit 59 generates a musical-sound signal according 



to the MIDI signal supplied, and outputs it, outside. At this example, the 
sound-source circuit 59 consists of a wave ROM 64, wave read-out equipment 
65, DSP (DIGITAL SOUNDFIELD PROCESSOR)66, and D/A converter (DAC) 
67. 

[0073] The wave readout system 65 reads the various tone waves of the sound 
source memorized by the wave ROM 64 by control of CPU56. DSP66 gives 
effectiveness, such as reverberation and normal, to the wave which the wave 
readout system 65 reads. By DSP66, DAC67 changes from a digital format to 
analog format, and outputs outside the wave to which various effectiveness was 
given. In addition, about the function of DSP66, it mentions later. 
[0074] In addition, what kind of methods, such as not only the wave memory 
method of this example but FM method, a physical model method, a 
higher-harmonic composite system, a characteristic-frequency-region composite 
system, an analog synthesizer method of VCO(VoltageControlled 
Oscillator)+VCF(VoltageGontrolled Filter)+VCA (Voltage Controlled Amplifier), 
etc., may be used for the sound-source circuit 59. 

[0075] It is moreover, like [ the sound-source circuit 59 may be constituted not 
only using what is constituted using the hardware of dedication but using a 
DSP(Degital Signal Processor)+ micro program, and you may make it constitute 
it from a program of CPU+ software, and ] a sound card. 



[0076] Furthermore, you may make it form two or more pronunciation channels, 
and may make it constitute two or more pronunciation channels from one 
sound-source circuit per pronunciation channel using two or more sound-source 
circuits by using one sound-source circuit by time sharing. 
[0077] It can connect with other musical instruments, an audio equipment, a 
computer, etc., and the communication link interface 58 can be connected with 
electrohone at least. In this case, the communication link interface 58 is 
constituted using general-purpose interfaces, such as a MIDI interface, RS-232C, 
USB (Universal Serial Bus), and IEEE1394 (IEEE 1394). 

[0078] Drawing 15 is the notional block diagram showing the data flow in the 2nd 
example. 

[0079] The parameter input section 71 is constituted by the input means 62 and 
the external storage 57, or ROM55 of drawing 14 , and inputs various kinds of 
physical parameters into the parameter converter 72. 

[0080] In the parameter input section 71, virtual space information and playback 
conditions are inputted. It is carried out when a user chooses from the presetting 
which a user performs the input of such information through the input means 62, 
or includes such information beforehand. 

[0081] The class of space, such as a hole and studio, and a configuration, the 
distance of the virtual source seen from the listening person, and a direction are 



included in virtual space information. A listening person's individual difference, 
the property of the headphone to be used, etc. are included in playback 
conditions. 

[0082] The virtual space information and the playback conditions of having been 
inputted are sent to the parameter converter 72 as a physical parameter. 
[0083] The parameter converter 72 consists of CPUs56 of drawing 14 , and 
changes the physical parameter inputted into a DSP parameter. Conversion in a 
DSP parameter from a physical parameter is performed by referring to the 
parameter translation table 73. The parameter translation table 73 is saved at 
the external storage 57 of drawing 14 , or ROM55. 

[0084] A DSP parameter is the static-control section 85 of below-mentioned 
drawing 16 , and contains the various parameters for controlling the 
reverberation adjunct 86, including the gain factor for controlling the filter 
coefficient for controlling the FIR filter 15 and MR filter 41 grade, and the various 
multiplication sections, the time delay of delay 11b, etc. 

[0085] The changed DSP parameter is sent to the sound-source unit 
(sound-source circuit) 59. In the sound-source unit 59, various effectiveness is 
given to a data point based on the DSP parameter inputted, and it outputs as a 
musical-sound signal. 

[0086] In addition, a DSP parameter is not only changed from a physical 



parameter, but may be beforehand memorized as presetting for every normal 
pattern, reverberation pattern, or pattern of those combination. 
[0087] Drawing 16 is the block diagram showing the function of DSP66 of 
drawing 14 . DSP66 has the multiplication section 84, the static-control section 
85, the reverberation adjunct 86, the multiplication section 87, an adder unit 88, 
an adder unit 90, and the master equalizer 89. 

[0088] If the data point of two or more channels (xNch) by which reading 
appearance was carried out to the wave readout system 65 of drawing 14 is 
inputted into DSP66, it will be divided into three lines as a data point for a direct 
sound, an early reflected sound, and reverberation sounds, respectively. The 
data point for direct sounds of two or more channels (xNch) is inputted into the 
static-control section 85 as Dryln as it is. 

[0089] After the multiplication of the data point for early reflected sounds of two 
or more channels (xNch) is carried out according to the gain factor defined with 
the setting-out distance of a listening person and a virtual pronunciation location 
by multiplication section 84a, it is inputted into the static-control section 85 as 
ERIn. After the multiplication of the data point for reverberation sounds of two or 
more channels (xNch) is carried out according to the gain factor defined with the 
setting-out distance of a listening person and a virtual pronunciation location by 
multiplication section 84b, it is added by the adder unit 90 and inputted into the 



reverberation adjunct 86 as Revln. 

[0090] The static-control section 85 controls a virtual pronunciation location to 
use and explain drawing 17 in full detail behind. 

[0091] The reverberation adjunct 86 simulates a virtual space to it, and outputs it 
to it as a reverberation sound while it adds reverberation to the data point 
inputted and creates the sense of distance of a virtual source to it. As for the 
pattern of a reverberation sound, the level difference of reverberation time, a 
direct sound, and an early reflected sound and the magnitude of attenuation for 
every frequency band change with space types. A level difference with these 
reverberation time, a direct sound, and an early reflected sound and the 
magnitude of attenuation for every frequency band are inputted as a DSP 
parameter. Although these DSPs parameter changes and generates the 
physical parameter which a user inputs, it may be memorized as presetting in 
every space types (a hole, studio, etc.). 

[0092] Multiplication is carried out in the multiplication sections 87a and 87b, 
respectively, addition composition is carried out by the adder unit 88, and the. 
data point outputted from the static-control section 85 and the reverberation 
adjunct 86 is inputted into the master equalizer 89 as one data point. In the 
master equalizer 89, the frequency characteristics of the data point inputted are 
amended and it outputs to DAC67 of drawing 14 . 



[0093] Drawing 17 is the block diagram showing the function of the static-control 
section (LOC) 85 of drawing 16 . The static-control section 85 consists of two or 
more pre-stage 85a corresponding to each of two or more channels (xNch), and 
one post-stage 85b. Except for having two or more inputs, there being few 
channels, etc., a fundamental configuration attaches the reference number are 
almost the same as that of the 1st example shown in drawing 3 , and same as a 
configuration with the same function. 

[0094] Pre-stage 85a has the input Dryln of the data point for direct sounds, and 
the input ERIn of the data point for early reflected sounds. After the data point 
inputted from Dryln is divided into 4ch(es) of the method of the left forward right, 
and the method of the left right rear, the multiplication of it is carried out in the 
multiplication section 12, respectively, and it is inputted into an adder unit 14. 
The gain factor of the multiplication section 12 is inputted as a DSP parameter. 
[0095] The data point inputted from ERIn is delay 11b, is late for a direct sound 
for number -about tenms based on the time delay in a DSP parameter, and is 
outputted to BPF40 as an early reflected sound. To the early reflected sound, 
since attenuation by echo is imitated, BPF40 is formed. After that, after an early 
reflected sound is divided into 4ch(es) of the method of the left forward right, and 
the method of the left right rear, the multiplication of it is carried out in the 
multiplication section 13, respectively, and it is inputted into an adder unit 14. 



The gain factor of the multiplication section 13 is inputted as a DSP parameter. 
[0096] In an adder unit 14, addition composition of a direct sound and the early 
reflected sound is carried out, and it sends to the adder unit 19 of post-stage 85b. 
[0097] The FIR filter 15 has two lines, filter 15for left ears L, and filter 15R for 
right ears. FIR filter 15L of Ch1 simulates sound in case a left ear hears musical 
sound from the left front of drawing 13 with a head sound transfer function, and 
FIR filter 15R of Ch1 simulates sound in case a right ear hears musical sound 
from the left front of drawing 13 with a head sound transfer function. FIR filter 
15L of Ch2-Ch4 and FIR filter 15R simulate transfer of the musical sound from 
the method of the left right rear to the right front and right-and-left both lugs with 
a head sound transfer function similarly, respectively. 

[0098] When the direction of a virtual pronunciation location is the middle 
direction of the direction of these bases, the 2-way which surrounds the direction 
of the virtual pronunciation location among the directions of bases, and the 
include angle to make are computed, and the time delay and gain factor of delay 
11b corresponding to the include angle are given to delay 11b and the gain 
multipliers 12 and 13 of each channel. 

[0099] Addition composition of the data point outputted from FIR filter 15L of 
each channel and R is carried out by the adder unit 16, respectively. These 
digital musical-sound signal (data point) by which addition composition was 



carried out is inputted into the IIR filter 41 which has two right and left, 
respectively. 

[0100] The IIR filter 41 is a filter for amending the property of the digital 
musical-sound signal by which addition composition was carried out, and is the 
same as that of the thing of the 1st example of drawing 3 . The data point 
amended with the IIR filter 41 is outputted to multiplication section 87a of 
drawing 16 . 

[0101] As mentioned above, since the FIR filter for impulse response 
convolutions and the IIR filter for frequency-characteristics amendment arranged 
in the latter part realize a HRTF rendering according to the 2nd example of this 
invention, a digital musical-sound signal can be amended according to a 
listening person's taste, or the difference in a normal property. 
[0102] Moreover, since HRTF according to the above-mentioned listening 
person's taste or the difference in a normal property can be preset, a HRTF 
rendering can be set up easily. 

[0103] Furthermore, a normal type including a reverberation sound can be 
memorized as a presetting pattern, and a user can choose it. 
[0104] Moreover, by taking the above configurations, an FIR filter and an IIR filter 
can be made multiplier immobilization regardless of each pronunciation normal 
location, and normal of many individual sound sources can be realized with a 



small-scale configuration by having pre-stage 85a several input-line minutes, as 
shown in drawing 17 . 

[0105] In addition, although the example of this invention explained the case 
where it listened using headphone, it is applicable also to listening by the 
loudspeaker by arranging a cross talk canceller in the latter part of drawing 3 or 
the MR filter 41 of drawing 17 . 

[0106] You may make it make the example of this invention carry out by 
computer of marketing which installed the computer program corresponding to 
an example etc. further in addition. 

[0107] In that case, where the computer program corresponding to this example 
etc. is stored in the storage which computers, such as CD-ROM and a floppy 
(trademark) disk, can read, you may provide for a user. 

[0108] When the general purpose computer or computer etc. is connected to 
communication networks, such as LAN, the Internet, and the telephone line, a 
general purpose computer or a computer may be provided with a computer 
program, various data, etc. through a communication network. 
[0109] Furthermore, an example may connect equipment only with various only 
carrying out with one equipment using means of communications, such as MIDI 
and various networks. Moreover, an example can also be carried out with the 
electrohone having sound-source equipment, automatic performance equipment, 



etc. Electrohones here are electrohones, such as a keyboard instrument type, a 
stringed instrument type, a wind instrument type, and a percussion instrument 
type. 

[0110] Although this invention was explained in accordance with the example 
above, this invention is not restricted to these. For example, probably, it will be 
obvious to this contractor for various modification, amelioration, combination, etc. 
to be possible. 
[0111] 

[Effect of the Invention] According to this invention, in listening by headphone, 
sufficient presence can be obtained as mentioned above. 

[0112] Moreover, selection adjustment of the effectiveness according to musical 
instrument arrangement and listening space can be carried out. Moreover, it is 
also memorizable. 

[0113] Furthermore, a feeling of normal can be adjusted for every class of a 
listening person and headphone! Moreover, it is also memorizable. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 



[Drawing 1] It is the block diagram of the image stereotaxic instrument by the 1st 
example of this invention. 

[Drawing 2] It is drawing explaining the image normal method of the same sound 
image stereotaxic instrument. 

[Drawing 3] It is the block diagram of the image normal section of the same 
sound image stereotaxic instrument. 

[Drawing 4] It is the external view of the headphone of the same sound image 
stereotaxic instrument. 

[Drawing 5] It is the block diagram of the bearing sensor formed in these 
headphone. 

[Drawing 6] It is drawing showing a condition when this bearing sensor inclines. 
[Drawing 7] It is drawing explaining paint of the spherical magnet object of this 
bearing sensor. 

[Drawing 8] It is the block diagram of the photosensor formed in this bearing 
sensor. 

[Drawing 9] It is drawing showing the relation between the concentration 
detection value of the photosensor of this bearing sensor, and an azimuth and 
dip (elevation angle). 

[Drawing 10] It is the flow chart which shows actuation of the multiplier 
generating section of the same sound image stereotaxic instrument. 



[Drawing 11] It is the flow chart which shows actuation of the multiplier 
generating section of the same sound image stereotaxic instrument. 
[Drawing 12] It is a graph showing change of the frequency characteristics at the 
time of using an MR filter. 

[Drawing 13] It is a conceptual diagram showing the virtual loudspeaker location 
and the sound-source location VP in the image stereotaxic instrument of the 2nd 
example. 

[Drawing 14] It is a block diagram showing the basic configuration of the image 
stereotaxic instrument by the 2nd example. 

[Drawing 15] It is the notional block diagram showing the data flow in the 2nd 
example. 

[Drawing 16] It is a block diagram showing the function of DSP66 of drawing 14 . 
[Drawing 17] It is a block diagram showing the configuration of the static-control 
section (LOC) 85 of drawing 16 . 
[Description of Notations] 

2 [ -- Multiplier generating section, ] - The image normal section, 3 
Headphone, 4 - A bearing sensor, 5 5a - A transverse-plane bearing register, 
5b A virtual pronunciation location register, 6 - Input unit, 7 - A setup key, 1 1 
- 12 A delay line, 13 - Gain multiplier, 15L, 15 R-FIR filter, 16L, 16R - An 
adder, 20 - Compass, 21 [ - Space, ] - A spherical magnet object, 21a - A 



tabular magnet, 21b - Weight, 21c 23 [ - LED, ] -- A liquid, 25, 26, 27 - 
Photosensor, 28 - A case, 30 32 - A photodiode, 35 - Filter 40 - BPF, 41 - MR 
filter, 51 [ -- RAM, 55 / - ROM, ] - A bus, 52 - A detector, 53 -- A display circuit, 
54 56 - CPU, 57 - External storage, 58 - Communication link interface, 59 [ - 
Display, ] - A sound-source circuit, 60 -- A timer, 62 - An input means, 63 64 [ - 
DAC, 71 / -- The parameter input section, 72 / - A parameter converter, 73 / -- 
84 A parameter table, 87 / - The multiplication section, 85 / - The static-control 
section, 86 / — A reverberation adjunct, 88 / - An adder unit, 89 / - Master 
equalizer ] - Wave ROM, 65 - Wave read-out equipment, 66 - DSP, 67 
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tSftSal, a 2.. a 3, a 4 £»fcH LTjfaSf^y 

[0 0 2 2] ftfc\ CO*SBgBt?«fiS«^ffiB9* 
«\ A/jKB6*3^7t(Dffia«:KST^Sc}: -5 tcT 

So 

[0 0 2 3] $fc, fiSf6gffiB9 0A*SB6«^3 
>fXfvy*teHffi*ft*fc©Ttt&<, ^a^Xf^ 

fc, t-*±fc«S*ft*HB*2SBOBBrt"eiraa! 
SffiB*y57^y*J*:B3e-e**J:3fc:LTfeJ:^o 
*fc, C»Wfiffi8teiftiA^*|qi*-b.y F-r*RffiX>f 

[0 0 2 4] B3«0BLT*Bett*2O«a«Kn 
'TSo ««^(ftg|5 2tt, A/D3>A-^10, fVl/ 
-r^-r>i k ^>F^X7^r;^- (BPF) 4 0, 
y^vBJWi 2, rjyfkWSli 3, AaVBi 4, F 

IR7^W15, I IR7^W4K 4DIS16, 

D/Aa^-^ 1 7, ry?\ 8^w*TSo 
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[0025] n^m^ i frzxjiztifcgmmmtA/ 

Dn 1 0(aoTfS>^;WWfcS^ti^o 

*F*8 l *<r $?*;l/*8B-eS ?) , &«*T$>*;Mfs» 
0*$ffirt**fc0T*fttf, COA/D3>;^l 

[0 0 2 6] fV ^7^>1 ll*&$St(Di/7hl'z/7> 

(jfefr***:/. 9f&*«j7) ^^fVW^ 
ftfcflW (JfcfrS, afr^) 3W»0ffl«n*o 
[0 0 2 7] ^y7{£B&, «a«^«5fr5A^Sn 
S*y^ffiBff»Jc:J:oTi*£*tLSo 2 00Jy^ 

[0 0 2 8] Jfcfr^ttCh l-Ch8coy^>ft»ggl 

2KA**n, Mt^bp f 4 otcA#snfc«. c 

h l—Ch8©y-f >*)iai 3tAAStl8o fVb 

-r^^y i i^2oco^^7 p Rt;y-r^g^i 2, i 

[0029] B P F 4 0H\ ^SfHTCftSttfrfffc 

[0 0 3 0] *y yonB*ja< LTJfefJSi: 

tiff «©-f ti*/h* < T £> fcffifBStoVhs < a D 

£A£ < « fcffidtlR^AS < ft t) S«*S< fcJEfirr 
«ck*«Tf*«o fc£U ftfrSfc£fr*0«Ui2O 
ms4S^&W5WSc t*tl^2 0ms*f«k 

[0 0 3 1] Sft, 5fcffSfc«fr*<0I^;l/S (y>r> 

L*M-<ft*o 

[00 3 2] Ch l-Ch8©W>SSffil 2, 13 
oTtog^tl, F I R7^W 1 5fcA;fr2ft£o lO 

[0 0 3 3] FIR7^W15^M7^W15 
t^So Ch 1£DF I R7^W 1 5 Ltt, *gtf0 2 



(4) *H 2002-44796 

m^memmmcx d 3/3 a h u chioFi 

R7-f;Wl 5Rtt,-^B2 (A) <DQ)<0#|p]fr6 

O^jI/- h*T§o C h 2-Ch80F I R7 

-<W15L, F I R7^/W 1 SR^^tl^n©-® 

[0 0 3 4] ^LT, fiS»«ffiBO*lRlA^tL5S* 
tt, 0 2 (A) fC^Lfcfc?^ ©-©(D^fnlOd^^ 

©<e^H^iio#ift*He4*ftkft^ft«*jiffl 
>y ^*j*£-r*«»*#^^ yfftim 

12, 1 3Rtff-fW5^>l llc^lio ^ 

ffc**a^©^tca. ±iB^Toy-r>s»8.i 2, 1 
#«stscffi«fc >o^tf*af t s # & c £ jc 

[0 0 3 5] #^-V>^;l/CDF I R7>fW 1 5 LfrS 
fc* &^>*/UDF I R7^/^ 1 5 Rfr£>ffi*j£tl 

feft*ttfin)rsi 6R-flta*£*stis 0 cttsjnjs^ 

4 1 Lfttfl I L7^fW4 1 RlCA?j2*l5o 
[0 0 3 6] IIR7^W4 1^ iDl^Jftfef 

WBOfc©i:»SfcS«lftte**j!^ I I R7^W4 
[0 0 3 7] Sfc, HRTFCMAitffe^^ I I 

[00 3 8] Hl2tt, I I R7^W4 1 *ffll/^te» 
40 4 ncffl-Ti:, H*±lRl*0*BJ*^ , rJ:5tei(fftiatf 

kfrtti^i)o Sfe8kHzO»»*-r-rybrvy*** 
50 §a«§o 
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[0 0 3 9] 0 1 2 00»T«, »«&tfffi«0HS»* 
I I R7^;l/^4 Hi, *ft&«»fc 

aa, 8khzeib&i\ cn^stHfiE-rscfc-e, h 

RTF <D{@AM£lfIE <T « C k ffm*« fl 
[0 0 4 0] I I R7^/l/£4 ncj:oT*|jE«nfe* 
SifttD/A3>^-J' l 7T*7^n^«^fc:gg|S 
tu 7^7 l 8?ttfs£ti/cCD%^ F#>3fc:flirt* 

nSo 

[0 0 4 1] EUatME'vy F*V3<D$1«Brc**o 
0 5 a "\ y F * > 3 lc m 0 If t> tlT V ^ £ fit -fe 
^4«i^5o ^K*V3<DW#0S*T» 

t^So 75rtt-fe 4 ttnf8fjgoy-x 2 8 ticaB^n 

TfctK 05 (B) lc^tJ:5»ca^X2 0atf7* 
h^y-9-2 5, 2 6, 2 71?*|jaSftT^*o 
[00 4 2] 05 (A) ^«9(C3>;U2 0^, 

«U eiOBHaK5(*2 l fc2W7^U;l/y-X2 20 

»h*2 3a«Kfiano6o?ft«o 

[0 0 4 3] E*ttBREtt2 ltt«H*2 3rt-ff«**C»L 

fc* Sfcft, **»tc«*«E2 1 afciRIHU ±ffifc 
SM2 1 c. TffifcSD 2 1 bStLTl^o 

[0 0 4 4] i6lcSt«j;5^ CC0n>/^X2 0*T^: 
toS'v* F*>3 ifOfitfc&oTfc HO* 5 tiUS^ 
tfec«I5i*2 l a a&m£©»ffitf 
*D**iBU SO 2 l b*«**iRF*iRi<*5K:aw 
7^'J;^-X2 0rtt?EHE««rrSo 

[0 0 4 5] ii7^J;^-X2 2MW 

h*2 iuft»2 3Tf»aibT*o, *»a<a^7^ 

U/l/^-X2 2rtT?HlE«ftT#*o 
[0 0 4 6] 0 7^^£?^:K«5ft2 1 OS® 

7T*-z/a>fcmm (a) , (b) ic^-ris^©* 
[0047] mis) mm 

Soy7f-'>3>liH8 (C) , (D) fc^riSte 
[0 0 4 8] H^ca, C^^f-v'ay^f^ 



(5) HpM 2 0 0 2 - 4 4 7 9 6 

[00 4 9] 05 (B) IC^fA?^ (KD3V/U2 
0Offlffifc:|RlttT7* HzV-9-2 5-2 7#S«-&tlT 
t^*o 7*HrV9-2 5tt»fSOJt***ffl , *'*-bV* 

74- b-t>^2 6, 2 7 a*feo«a*«m-r 

S-b>-9-T**§o 7*F*V1J"2 5a*vy F#V3©I9 
«SA^63>^X2 0©Blffifc|ftW-6tlTfe?), 7* h*: 
y-9-2 6(^7 F*V3©fifflJfr£n:"*X2 OOfflflffi 
fclqltj-StlTfeO, 7*F«fe>*2 7tt^NV F*>3<D 

70 [0 0 5 0] 08«\ &7* F-feV-9-2 5, 2 6, 2 7 
©#Wc*joVr o LED3 0Rtf7*F#>f:i"-F3 2tf 
3^U2 OfCfttftStt^ft, Cft£>LED3 0, 7 
4- h F 3 2 ©MS£ift£fe0#*SiBS-e3)fc 

*7*;i/*tf»tt&ttTv>So LED3oa»?fl3 hc 
*oT*RjS«T**u 3>;U20^«W2 l© 
Sffi^BS#tLTV^o 7*F^>T*-K3 2tt, 

±IHL E D 3 0*<Ba«LfeJfcO«tt!M5*2 1 ^®©K 
»3t*S3t-r 3 C cfc o TfiStfi^Sftr *o 
[0 0 5 1] C<D7* h^^-F3 2tt7V^3 3fC 
20 S«2*rtVSo 7>7 , 3 3a7* F*V*-F3 2© 
^aiffl^tftibTL P F 3 4tcA^-r^o L P F 3 4 

[0 0 5 2] 74- h*r>-9-2 5 tfWiJ*^^ V/^X2 0 

9 (a) fc^-r»«ttaiffli:*ffiftoH«^s^^T, 
F^v3*^o*fi*[oiv^Tv^^*«m*rs 

[0 0 5 3] Sfe, 7*HrV*2 6afe«fflfr6«tt 
JO «Ett2 lOlSftftttia-rSCkfcit), 09 (B) \C 

y F*> 3 #£tc HOSflE«i/^Tl^*fr**a , r* c f: 

[0 0 5 4] ^e^C, 7*F-feyif'2 7a«tt*^#tt 

^E^2 i<o*fe**Hl^*e:i:fc«fc?), 09 (B) 

[0055] cn6o*art»tfl»a*»5K:A* , r 

v^faWJkXSCh l-Ch8©y>fym»Sl 2, 13 
[0 0 5 6] c©*5Jc^rffl-feV1?-i:LT%8tt» 

«^S« : Ft?7/©^y F^V^fflv^TfeS^Lfe^ 
50 ■ffitttjffltScitf'etSo iW»tf«»fiStT 



-5- 



9 

*tU/b->3> (ffiBMfiS©^) £l HI 4: tiff, 

[0057] ^ams^m^r^mw^s. 

Silt LTBMlSrffl^Stf, *©**fif4?ett;S*?S-?fc 
fcLTfc<fcv\, g=fc, *HTff-5 ^F*y 

©*- t 4 *>r-7)\<ikix LTmmkxjwmvmgzt 
[0058] m io, mi ia±Efflka£tt5oftft 

->-V7-l'X't§ 0 lEffi^ffil^X* 5 aiCf40S©-r- 
*#A;*jStlSo K*V3©IEffi 

f8SffiBU5>X*5b{cttx. y^HtLTO, Otf-t: 
•vh^tiSo f K*>3 0jEiffc«WW 

(s 2) XttAijSH6©Stt (s 3) 

mmtZo mmx$y7tf*>t£tiz>£ (s 2) , *-© 

^©Mt-tr^lM©^ (7* h-b>-9-2 5<0^tb 
fit) (s4), Z<Dft{k*JEWli6LVi?X$ 

5 atffittfTS (s 5) o -73, A*«B6*«»ff«n 

x, y s (s6) o -r%t>*>, xtimm 

6 fffe&Kiitt £tis tzommcm x am ©m* 

[0 0 5 9] 01 1 (^^"7Y>^7^hi^fe% 0 

sjsnwrrffcSo £-f, #tft*>u-4K:rti«snT^« 

30©7* b-tV+J-2 5, 2 6, 2 7 Otffil^iM 
5(sll). f LT, CCD^mmicS^r^y F* 

>3<D(nit wffi) s.tf«#*^m-rs (s 1 2, si 

3) o C©x-££IEMMrT-£, <R&§iB©z0 

tmmm-tz (su). co^-»ki^^t 

§f-W^;Uc#^.«y'f>Stff f -f w^vi i© 
*'^M4«SL (sl5), cn6**«£ti»2 

(cjSffl-rs ( s 1 6) c 

[0 0 6 0] y-fy^^y^ffiHtt^OWWL 
f4, «tH£tifc73fa • EBteS^tffiJS©****^ 



(6) #§fl 2 0 0 2 - 4 4 7 9 6 

/0 

&&©*&#&*•* 5 icLTfc 4: l\, C©«&r-7;l/ 
ti«S©^ • £fl»c*tJfrr* F I R7-r;V*©£it«r 
14^7 ^ - ^ *f Eli LfcT— TVUdt^T-r- £ fitfH 
&T/h£^fc#C©4?fcLTk^i;^Bf4^<T 

[006 1] ^fc, *%W©«2©Hii^J(COI/->TUiW 
■f3„ ±$©lfl l ©§|jS&0iJ-?f4, ■b>"9-#0'Ny K*> 
*f«8U «B««Mft«*8Hi3ffc»SLfc*', c©4 

K 81 2 ©*MlJT-f4, jISTC'Vy H#>*fU 

Rjer*»#*iwr«..«»«ttiEH*ift#» 
*>©isif tisir-s©«^*«^-rs 0 

[0062] il3(i, g2®mffl<03ft£ttttll£ 

s <gff,x tf- * SB t wu\m v p *a-r«a:HT? 

(gfflXtf-* SPlfr^SP 4^rSBB-r§o ^iifiBV 

p©7jftf4, ^fc^-rjcatagp^Hoffisxtf-As 

20 PlA^S P 4H©l^;Ul»flWc4:oTj*^$tl 
§o Sfc, -g!iiffiBVPi:«#{iiB(i:WLT^*f»{4 
BVP' fre>mmt&~l 0SmsI6*ftf4»4S 
*T3£ffiB*3MI , rSo c©^*f^fiBVP' *^©3 
tt» M*»6©EI««BSLT*»)«afl!)BPF*^ 
•TSilttCdX'?, K#£4;3}tgtf'>5al/-b£ti 

So 

[0 0 6 3] ^ii{4BVP©Sggi«, (x) , m 

JHE*» (y) , 3MKF (z) SWBfS© 
iIti©*t£fc4oTM»2tl3o WAtf, U^/UM© 
50 Wti, ma©**gptc«i&^nsD S P/^^-^f© 

ttBVPOBl*ifi<fc:B&i-*«6H:, tiff 
iatcx>ay + b z0i«O4oJ:^cMau 

&§£5fc:x<a y + b z©IM^*^!5iEO*'5fi:»JW 
•TSo 

^0 [0 0 6 4] 01 414, M2©*»fCj;S^#Sffig 
B©a*«^«rg-T7n y *H"e&*o 
[0 0 6 5] /U5 HC{4, ^ffllHlS§5 2, *^IhIS§5 
3, RAM54, ROM55, CPU56, ^gPIEttS 
B5 7, jifl^>^-7x'TX5 8, gi5lsIS§5 9, # 

[0 0 6 6] a-if{4, «ltUlHlSg5 2(Ctttt£ft3&fl ! 

? (X7j#i§) 6 2^-fflv^T, assoma^^^-*, 

50 v7X, +-#-F, Sl^, ^a^fXf-f^, X-Y-y 
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[0 0 6 7] *^@B5 3tt, 7^X71^6 3 fcJMt 
X7l^6 3«\ ffiS^KB (LCD) , Wt94* 

— F (LED) ^«^sns*\ sa«**^T* 

[0 0 6 8] ft3P£{ggB5 7tt, ^SE«SHfflO>r 

*F5>f:7 (FDD) . M-F-r-fX^F5>fy (HD 
D) N mm-T^Ts* (MO) F^-Y7\ CD-ROM 

(n^^ hf-Vx^-u-F^yj^^^eu) F-7-Y 

7\ DVD (Digital Versatile Di 
sc) H5^7m« 0 5^aneiKHelK 5 7 ictt. a- 

[0 0 6 9] R A M 5 4 75^\ U$>X*Xtt^y 
77, &S-r-*^*|E«*fSC PU 5 6ffl07-^> 

[00 7 0] ROM 5 SKI*, -fe y hf^*, 

flSPSBttgfi 5 7 teEttrSjMtt*tt/\, C P U 5 6 
tt, ROM5 5XI4, fl*SBtt»B5 7£K*2ftTV 

[0 0 7 1] *-fV60tt, CPU56R/U5 ltcjg 

>^S*CPU5 6fCJt^t£o 
[0 0 7 2] SjgliI&5 9fcS\ fl«&S*l£MI D I 

mWi* S»leI!S5 9a, $fBROM6 4, S^MtHg 
165, DSP (DIGITAL SOUNDF I EL 
D PROCESSOR) 6 6StfD/A3>^-* 
(DAC) BJVmAttlio 

[0 0 7 3] »«HaiL*B6 5tt, CPU5 60W 
J; DffiffJ R OM 6 4 fcK«2ftaS«<D£«^fe«ae 
*K*tB-ro DSP6 6&, KJgRffiLSB6 5#R# 

ffl-r«^fca»^(Si[*oa!i**#**o d a c 6 7 u 

D S P 6 6fc*oT#aa*AW#*nftift}B*'ry* 

fc, DSP6 6<D«^CO^TttmiE*r§o 
[0 0 7 4] fcfe, «BEIR5 9H\ 2^SfiflflO**^ 

£/K#iS. 7*;l/WF^j«*S, VCO (Vo 1 t a 
geCont rolled Osci 1 lator) + 
VCF (VoltageControlled Fil 
ter) +VCA (Voltage Controll 
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'2 

ed Amp 1 i f i e r) 07tD^»W>fD% 

[0 0 7 5] £fc, §iSlHlK5 9tt, Hffl©/v-F*x 
7*fflt^T«ia-r*feOfclB6^ DSP (Deg i t 
al Signal Processor) H-V-Y 
^n^5A*ffl^T«lrtLTtJ:t^U CPU+V7F 

[0 0 7 6] 1 O0*jREIB*Wf»f J-e«ffl*r 

[0 0 7 7] IiY^-7x^X5 8(^ 

5HI>fV*-7x>fX5 8tt, MIDMy^-7x^ 
X, RS-2 3 2 C, USB )J 7;l/ 

♦ AX) , I E E E 1 3 9 4 (7-f F U 1 3 9 

20 4) «W)i(lfflO>fV*-7x>rX*fflV^T*l*r*. 

[0 0 7 8] 015^, fg2<9^M^&tt3x-*7 

[0 0 7 9] *Jl&7 ia, mzifs mi 4 

O Art?® 6 2 Rtf ftgflfEHgB 5 7 X& ROMS 5 
*tjT*«Stl, ^5^-*a8l»7 2fc:«i©Wl/< 

5*-**A#r£o 

[0080] /<5*-#a*«7 iwau fiffi^nits 

[0 0 8 1] <KS3SHHll«tc«, 

[0 0 8 2] A*StifefiffiSHfB«Rtf 

[0 0 8 3] /*5*-$rS«*7 2fcJ\ flflAtfHl 4© 

40 c pus evmAttis A*«ti*»a^<5><-**D 

><5*-*^0S8M4/*5*-*£SIt- 7VI/7 3£# 

3 tt, 0 14 con^lElfgH 5 7, Xtt R OM 5 5 lc\% 

[0 0 8 4] D S P><5* — ftaO0 1 6^ffi 
MMR8 5T% F I R7-r;W 1 SRtfl I R7>fW 

4 i***jirr*ft»o7-r #a*ita5**j 

50 Sfe, «Wrrjta»8 6*»J»rSfc«)(D#»/^ 
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[0 0 8 5] SSlSftfcDS P *»ar. 
tt. Art£ftSDSP/<5*-*fcST3**B$ft**» 
[0 0 8 6] DSP^-?S, 1WI/<7*- 

U -b v h i: LTiat&StlTVT «fc f. 
[0 0 8 7] 01 01 40DSP6608^ 

f7a>y?0T-fcSo DSP6 6H;, £*»8 4, £fi£ 

[0088] 01 AommmmLgmG stcs^tusft 

(x N c h) ©z&JB-r— 2«D S P 6 

6tA*«n*fc, *ti€n, fits ffl^s*f#, m 
+ (xNch) <omm : gm<Dm&7 ! -$iz%<D£ 

iDryln^LT, SttifflflilfflS 8 5 «cA7j£ttSo 
[008 9] UBRft^l/ (xNc h) ©«HWS«S 

bor£bbk: * o e n* y vffStet^Bjn s 

E R I n t LT, 8 5 {cAftStl 

So 88»^+>*;l/ (xNch) cDSS^fflOiSJBx- 
*S8P8 4bTS^fc£gfg^tM©»5£EB 

3! 9 OT'liaW^tX-ZR e vlntLT, ^SWdSP8 6 
JcA7j2ft3o 

[0 0 9 0] ^{4»g|5 8 5H\ f£t0 1 7%m^Tm 
[00 9 1] S§#ttft]gfl8 6{i. A77£tlSl©gx-* 
fc. <g£3£H£S/5 a U- h U LTUtfrf 

ItSfcOU'WM, Bttftffi«#©££Btt, DSP^ 
7^-^tLTAAJW„ CtlB D S P'^^—Z 

[0 0 9 2] £ttlMtt$8 5Rtm«ttM|58 6fr€>ffl 
AmMf-^tt, ^n^n^»g|58 7 a, 87 b 
T'Si^n, AD^gP 8 8 T'ftDg-g-fig? tlT l OOjfcJgr 
— £ t LT, VX*-^37-l'1f8 9(cA*$tl5o V 

SSftttfcJIIELT. Hi 4©DAC6 7Ktti*rr*. 
[009 3] 01 7tt, 01 6©^{43iijag|5 (LOC) 
8 5©ffl^f^7"n^0T';&So Sffi»J»IB58 5 

a. (xNch) ©*n^tuc»*s-r* 
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?fi$f©HuggI$8 5 at, 1 0©&©gP8 5 bT*«$Sn 
So tlROA*!***-** ^+ V*/U»A^>a^»» 

»ts#ft&$$&03 fc^-r jg i ©BBBfcsifn 
«©t,©i?*?>, ntt®M£$ftowj££(iBB©#B 

[0 0 9 4] Su^SgP8 5ati, Bg^fflCiS^-r-2© 
A7JD r y I n fc«JWS»Sffl©iSaB'r-^OA^E R 
I n^SLT^S. D r y I nfr£>A#SttfciSBg-r- 

/o ^n^nssB 1 2 1 4 fcA^sn 

So BJV8M 2oy-fytR»«» DSPA^-^tL 
TA^^nSo 

[009 5] E R I nfrSA2j*nft»JBf-*tt, r 
-fWl lbT\ D S Ps^7^ — $tp<D'MW&flSlcM~3 
tB&SfrSS- 1 OSm s j§nTSJ#!K*fe£ LT B 

p f 4 otm^^tiSo bpf4os, mmfcrnmctt 

LT, KltfcJ:*«S*«-rSfc«>»!:Ktt6tiTV*. 

^obwheb**, fe&«ttratffefeito50 4 c he 

^5ftf;S, *tl^n*Jifl|J 1 3 TJRJItSninJMB 1 

20 4KAfcsn*. 3©y^v««tt, ds p/< 

5^-^tLTA^^nSo 

[0 0 9 6] *D»Lg|5 1 4T»tt, B^fttflBBK*«* 
Jta*£jSLT»agS8 5 bWijPflfgBl 9fCi^So 
[0 0 9 7] FIR7^Wl5(i£Iffl7^Wl5 
L, 1 5 R©2^St^LTI/^So Ch 

1©F I R7-fM 1 5 LM\ S&tfB 1 3©fiW^fr 

i!)'>5ab-m ChlOFIR7^Wl5R 
S£Ch2~Ch4CFIR7-fWl5L, FIR7 

-rso 

[0 0 9 8] MSI§^{itg©73l6!^cn6S*73|6]©cp 

«©#iaj*Ht?2#iRii:fc-rfcs*»iiu toftSK 
m-rsxVb-r 1 1 bcowmsmms'fjvmtfkT 1 

/Wllb Stf&ft >^»#§ 12,1 

[0 0 9 9] #ft>*;V«F I R7-fMl 5 L, R 
A^ffl^Snfc^r-^tt^n-ftlJiDlf^l 6t« 

^^nso cnBiDW^^nfcx^^/u©*^©^ 

I R7-<;l/*4 lfcA^J^tlSo 

[0 10 0] II R7^;W4 ltt, ftPg^Bg^txfer 

t), 03©^l©*Sfi«rlJ©t©i:ll^©t©T-feSo I 
I R7-f;W4 KCkoTffiiE^nfcffiJBy-^tt, 0 
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